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© Semiconductor laser. 

® A buried heterostructure type distributed feed- 
back semiconductor laser comprises a semiconduc- 
tor substrate (11) transparent to an oscillation light 
beam, a laser stripe including a diffraction grating, 
an active layer (14), and a guiding layer (13) formed 
on the semiconductor substrate (11), and semicon- 
ductor peripheral region (17, 18, 19) formed so as to 
cover the laser stripe on the semiconductor sub- 
strate (11). The semiconductor peripheral region is 



transparent to an oscillation light beam. Rectangular 
grooves (40) are formed near both side of emission 
facet of the laser stripe more deeply than the laser 
stripe. Since a radiation mode from the laser stripe 
is reflected and scattered by the grooves (40), it 
cannot hardly reach the emission facet. Therefore, 
the radiation mode does not interfere with an output 
beam from the laser. 
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The present invention relates to a semiconduc- 
tor laser having a double heterostructure and, more 
particularly, to a distributed feedback (DFB) semi- 
conductor laser in which a diffraction grating 
formed along a optical waveguide produces optical 
feedback. 

Various types of semiconductor lasers have 
recently been used as light sources for optical 
communication and optical information processing. 
One of the semiconductor lasers is a distributed 
feedback (DFB) semiconductor laser having a dif- 
fraction grating along its optical waveguide. As 
been derived using coupled-mode analysis, the 
DFB laser oscillates at a single wavelength (in a 
single longitudinal mode) because of wavelength 
selectivity of the grating. The DFB laser is particu- 
larly improved in practicability by using 
GalnAsP/lnP material system for a light source for 
long-distance high-speed optical communication. 

In a conventional semiconductor laser, such as 
a FabryPerot (FP) type semiconductor laser, optical 
feedback is produced by both facets of the laser 
which serve as reflecting mirrors. In contrast, op- 
tical feedback in the DFB semiconductor laser is 
produced mainly by the diffraction grating having 
wavelength selectivity, so that principally the facets 
are not necessary. In the DFB semiconductor laser, 
however, a single longitudinal mode capability de- 
pends upon a shape and height of the diffraction 
grating, the reflectivity at the facets which are inevi- 
tably formed, and the phase of the diffraction grat- 
ing at the facets. 

An advanced laser structure has recently been 
noted in which reflectivities of both cleaved facets 
are reduced and the phase of the grating is dis- 
continuous at the cavity center (for example, a 
phase-shift corresponding to 1/4 of guided 
wavelength X). The DFB laser with such a structure 
has a great difference in threshold gain between 
the lasing longitudinal mode and the other modes. 
This type of DFB lasers therefore are remarkably 
advantageous to a single longitudinal mode opera- 
tion. This laser however has a problem of spatial 
holeburning along its axis direction (Soda et al., 
"Stability in Single Longitudinal Mode Operation in 
GalnAsP/lnP Phase-Adjusted DFB Lasers," IEEE 
JOURNAL OF QUANTUM ELECTRONICS, Vol. 
QE-23, No. 6, June, 1987). More specifically, when 
a normalized coupling coefficient * L is more than 
1.25, the power of guided waves concentrate at a 
position of the x/4 phase-shift. The optical intensity 
profile along the axial direction causes a distribu- 
tion of the carrier density in an active layer. The 
refractive index of an optical waveguide is distrib- 
uted, corresponding to the distribution of the carrier 
density profile. The variation in the refractive index 
reduces a large gain difference, A a between lon- 
gitudinal modes and thus greatly degrades the 



single longitudinal mode behavior. 

The holeburning also causes the following dis- 
advantage. If the refractive index of a region of the 
waveguide abruptly changes, the guided mode 

5 cannot efficiently be transformed and a part of light 
energy is radiated as a radiation mode outside the 
optical waveguide. The beams of radiation mode 
then interferes with an output light beam emitted 
from an output facet. A ripple is formed by the 

10 interference in the output radiation pattern, namely, 
a far field pattern (FFP). Therefore, the output light 
beam cannot efficiently be coupled with other op- 
tical components. 

Figs. 7A and 7B are plan views of a conven- 

75 tional laser and views showing the FFP (= 0 II) of 
the output light beam. In Figs. 7A and 7B, 6 II 
indicates a full angle at half maximum in the hori- 
zontal direction of the FFP, and the optical intensity 
profiles (I) of guided wave in the cavity direction 

20 are shown on the right of the plan views of the 
laser. 

Fig. 7A shows a Fabry-Perot type semiconduc- 
tor laser. In this laser, the optical intensity profile I 
is relatively smooth and thus an undesired interfer- 

25 ence does not occur between the output light beam 
and radiation mode. The FFP (0 II) therefore has an 
ideal shape without large ripples. 

Fig. 7B shows a X/4 phase shifted type DFB 
laser. In this laser, the guided waves concentrate at 

30 a x/4 phase shifted position 30 (I). The irregularity 
of optical intensity profile along the axial direction 
varies the carrier density in the active layer. As 
described above, in a portion of the optical 
waveguide where its refractive index greatly 

35 changes, the guided mode cannot efficiently be 
transformed and part of optical energy is radiated 
as a radiation mode outside the guiding layer. The 
FFP (0 II) is degraded by an interference between 
a radiation mode 31 and an output beam 32, as 

40 shown in Fig. 7B. 

Not only the X/4 phase shift type DFB laser but 
also an usual DFB laser has a drawback wherein 
the FFP of an output light beam of the laser is 
easily degraded ordered by a slight variation in 

45 refractive index. 

ft is accordingly an object of the present inven- 
tion to provide a semiconductor laser which over- 
comes the above-described drawback of the con- 
ventional laser and emits a laser beam having a 

50 smooth FFP with good reproductivity. 

The semiconductor laser according to the 
present invention comprises: 

a semiconductor substrate transparent to an 
oscillation light beam; 

55 a laser stripe including an active layer and a 

guiding layer formed on the semiconductor sub- 
strate 11; 

semiconductor peripheral region formed so as 
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to cover the laser stripe on the semiconductor 
substrate, the semiconductor peripheral region be- 
ing transparent to an oscillation light beam; and 

radiation mode light beam interrupting means 
arranged near both sides of the emission facet of 5 
the laser stripe, the radiation mode light beam 
interrupting means being formed by digging the 
semiconductor peripheral region and the semicon- 
ductor substrate more deeply than the laser stripe. 

In other words, the above object is attained by w 
the following method. Scoop regions each having a 
predetermined shape or holes each having a pre- 
determined shape are formed more deeply than 
the level of the laser stripe, in the peripheral region 
and the semiconductor substrate including the 75 
emission facets, or in the peripheral region and the 
semiconductor substrate at a predetermined dis- 
tance away from one or both of the emission facets 
of the laser. 

Since the radiation mode light beam generated 20 
in the halfway point of the guiding layer is reflected 
and scattered by the scoop regions or holes, it 
does not reach the emission facets. The radiation 
mode light beam does not therefore interfere with 
an output beam and a far field pattern is thus 25 
smooth. This advantage will be greater especially 
when the present invention is applied to a single- 
mode DFB laser. 

The semiconductor laser according to the 
present invention prevents an interference between 30 
the radiation mode emitted from a portion of the 
guiding layer whose refractive index is changed 
and the light beam emitted from the emission fac- 
ets to form a uniform far field pattern. The manu- 
facturing method of the semiconductor laser is 35 
relatively easy. 

Since the emitted light beam can efficiently be 
coupled with other optical components, it has the 
great advantage of its application. 

This invention can be more fully understood 40 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Rg. 1 is a perspective view showing a X/4 phase 
shifted type GalnAsP/lnP buried heterostructure 45 
(BH-structure) DFB laser to which the present 
invention has not been applied; 
Rg. 2 is a cross-sectional view taken along line 
II -II of Fig. 1; 

Rg. 3 is a perspective view showing a so 
GalnAsP/lnP BH-structure DFB laser according 
to a first embodiment of the present invention; 
Rg. 4 is a BH-structure DFB laser according to 
a second embodiment of the present invention; 
Rg. 5 is a perspective view showing a BH- 55 
structure DFB laser according to a third embodi- 
ment of the present invention; 
Rg. 6 is a plan view of the laser shown in Rg. 4, 
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a view showing, under the plan view, a far field 
pattern (FFP : 0 If) of light beam output from the 
laser, and a view showing, on the right of the 
plan view, an optical intensity profile (I) or a 
refractive index profile (n) of guided waves in 
the direction of a cavity; and 
Figs. 7A and 7B are plan views showing conven- 
tional lasers, views showing, under the plan 
views, far field patterns (FFP : 0 //) of light 
beams output from the lasers, and views show- 
ing, on the right of the plan views, optical inten- 
sity profiles (I) or refractive index profiles (n) of 
guided waves in the direction of a cavity. 
Fig. 1 is a perspective view showing a X/4 
phase sifted type GalnAsP/lnP buried heterostruc- 
ture (BH-structure) DFB laser, and Fig. 2 is a 
cross-sectional view showing a laser stripe and 
taken along line II - II of Rg. 1 . This laser is an 
unimproved one to which the present invention has 
not been applied. 

The laser is manufactured as follows. A first- 
order grating 12 is formed on an n-type InP sub- 
strate 11 by a two-beam interference exposure 
method. An n-type GalnAsP guiding layer 13 
(composition: in which the band gap corresponds 
to a wavelength of 1.3um), an undoped GalnAsP 
active layer 14 (composition: X = 1.55um), a p- 
type InP cladding layer 15, and a p*-type GalnAsP 
ohmic contact layer 16 (composition: X = 1.1 Sum) 
are successively grown on the first-order grating 
12. A mesa-stripe portion is then formed by etch- 
ing, and a p-type InP layer 17, an n-type InP layer 
18 and an undoped GalnAsP cap layer 19 
(composition: X = 1.1 Sum) are continuously grown 
around the mesa-stripe portion and the mesa-stripe 
portion is buried, resulting in a buried heterostruc- 
ture (BH-structure). Since current is blocked by a 
reverse-biased pn junction 20 in a region around 
the buried mesa-stripe portion, the current is effi- 
ciently injected only into the stripe-shape active 
layer 1 4. 

To oscillate in a single longitudinal mode, the 
refractive index of both cleavage facets is lowered 
by an anti-reflection (AR) coat 21 , and a X/4 phase 
shifted portion 30 is formed in the cavity center. In 
Figs. 1 and 2, reference numerals 33 and 34 de- 
note a p-side electrode and an n-side electrode, 
respectively. 

Fig. 3 is a perspective view showing a laser 
according to a first embodiment of the present 
invention which is applied to the GalnAsP/lnP BH- 
structure DFB laser shown in Figs. 1 and 2. The 
basic structure of the laser corresponding to that of 
the laser shown in Fig. 1 is achieved by the same 
method as described above. 

Grooves 40 are formed perpendicularly to the 
active layer 1 4 in the vicinity of facets of the laser. 
The grooves can be patterned by photoresist-expo- 
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sure procedure and digging the layer and substrate 
more deeply than the guiding layer 13 by ion 
milling. The grooves can be also formed by the 
well-known method such as reactive ion etching 
(RIE). 

Beams of radiation mode generated in a half- 
way point of the guiding layer 13 is reflected by 
the grooves and does not reach the output facet of 
the laser. The radiation mode does not interfere 
with an output beam from the laser and therefore 
the FFP can be kept smooth. 

Fig. 4 is a perspective view showing a laser 
according to a second embodiment of the present 
invention which is applied to the laser shown in 
Figs. 1 and 2. The basic structure of the laser 
corresponding to that of the laser shown in Fig. 1 is 
achieved by the same method as described above. 

In the second embodiment, a plurality of col- 
umnar holes 50 is formed in the vicinity of the 
output facet. The holes can be also formed by the 
photoresist procedure deeply digging the layers 
and substrate by the ion milling. 

Beams of radiation mode generated in a half- 
way point of the guiding layer is reflected and 
scattered by the holes 50 and does not reach the 
output facet. The radiation mode does not interfere 
with an output beam 32 from the laser and there- 
fore the FFP is kept smooth, which is shown in Fig. 
6. The holes are so arranged that the radiation 
mode 31 is effectively scattered. 

In the first and second embodiments, the 
grooves 40 or holes 50 are filled with polyimide 45 
or the like serving as light absorbing material, as 
indicated by arrows in Figs. 3 and 4. The radiation 
mode is not only irregularly reflected by the 
grooves 40 or holes 50, but also absorbed by the 
polyimide with which they are filled. The radiation 
mode light beam is reliably prevented from reach- 
ing the output facet. 

Fig. 5 is a perspective view showing a laser 
according to a third embodiment which is applied 
to the laser shown in Figs. 1 and 2. The basic 
structure of the laser corresponding to that of the 
laser shown in Fig. 1 is achieved by the same 
method as described above. 

In the third embodiment, peripheral region near 
the output facet are removed, together with the 
facet, itself, by digging the layers and substrate by 
ion milling, as shown in Fig. 5. The curve of the 
removed region 60 is so designed that the radiation 
mode light beam is effectively reflected and it is 
not emitted forward. Thus the radiation mode does 
not interfere with the output beam 32 and a far field 
pattern (FFP) is uniformly formed as shown in Fig. 
6. 

The present invention can be applied to a laser 
having arbitrary removed region or holes, without 
departing from the scope or spirit of the subject 



matter of the invention. The present invention is not 
limited to a DFB laser but can be applied to a 
general semiconductor laser such as a Fabry-Perot 
(FP) type laser and a composite cavity type laser. 

5 

Claims 

1. A semiconductor laser comprising: 

a semiconductor substrate (11) transparent 
10 to an oscillation light beam; 

a laser stripe including an active layer (14) 
and a guiding layer (13) formed on said semi- 
conductor substrate 1 1 ; 

semiconductor peripheral region (17, 18, 
75 19) formed so as to cover said laser stripe on 

said semiconductor substrate, said semicon- 
ductor peripheral region being transparent to 
an oscillation light beam; and 

radiation mode light beam interrupting 
20 means (40, 50, 60) arranged near both sides of 

the emission facet of said laser stripe, said 
radiation mode light beam interrupting means 
being formed by digging said semiconductor 
peripheral region and said semiconductor sub- 
25 strate more deeply than said laser stripe. 

2. The semiconductor laser according to claim 1 , 
characterized in that said radiation mode light 
beam interrupting means comprises rectangu- 

30 lar grooves (40) formed by digging said semi- 

conductor peripheral region (17, 18, 19) and 
said semiconductor substrate (11) near both 
sides of the emission facet of said laser stripe. 

35 3. The semiconductor laser according to claim 2, 
characterized in that said grooves (40) are 
arranged near both cleavage facets of said 
laser stripe. 

40 4. The semiconductor laser according to claim 1 , 
characterized in that said radiation mode light 
beam interrupting means comprises round 
holes (50) formed by digging said semiconduc- 
tor peripheral region (17, 18, 19) and said 

45 semiconductor substrate (11) near both sides 

of the emission facet of said laser stripe. 

5. The semiconductor laser according to claim 1 , 
characterized in that said radiation mode light 

so beam interrupting means comprises scoop re- 

gions formed by removing said semiconductor 
peripheral region (17, 18, 19) and said semi- 
conductor substrate (11) on both sides of the 
emission facet of said laser stripe. 

55 

6. The semiconductor laser according to claim 2, 
characterized in that said grooves (40) are 
filled with a light absorbing material. 
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7. The semiconductor laser according to claim 4, 
characterized in that said holes (50) are filled 
with a light absorbing material. 

8. The semiconductor laser according to claim 1, 
characterized in that said semiconductor laser 
is a distributed feedback semiconductor laser 
for applying optical feedback by use of a dif- 
fraction grating (12) formed along said guiding 
layer (13). 

9. The semiconductor laser according to claim 8, 
characterized in that a phase shifted portion 
(30) is formed in a halfway point of said diffrac- 
tion grating (12), and coats (21) having a low 75 
reflectivity are provided on both cleavage fac- 
ets of said laser stripe, said semiconductor 
peripheral region, and semiconductor sub- 
strate. 
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© Semiconductor laser. 



©A buried heterostructure type distributed feed- 
back semiconductor laser comprises a semiconduc- 
tor substrate (11) transparent to an oscillation light 
beam, a laser stripe including a diffraction grating, 
an active layer (14), and a guiding layer (13) formed 
on the semiconductor substrate (11), and semicon- 
ductor peripheral region (17, 18, 19) formed so as to 
cover the laser stripe on the semiconductor sub- 
strate (11). The semiconductor peripheral region is 



transparent to an oscillation light beam. Rectangular 
grooves (40) are formed near both side of emission 
facet of the laser stripe more deeply than the laser 
stripe. Since a radiation mode from the laser stripe 
is reflected and scattered by the grooves (40), it 
cannot hardly reach the emission facet. Therefore, 
the radiation mode does not interfere with an output 
beam from the laser. 



!0 

* 

o 
o 
t 



L 
U 




Rank Xerox (UK) Business Services 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 91 11 2430 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



X 
A 



O.A 



Ckatioa of document with 
of relevant 



US-A-4 282 494 (VOMEZU) 
•abstract* 

* column 7. linn 4 - Hon 25; claims 1-4; flgum 
5 * 

PATENT ABSTRACTS OF JAPAN 

vol. 5, no. 30 (£-47)24 February 1981 

4 JP-ArSS 156 381 ( NIPPON OENKI KK ) 

* abstract * 

EP-A-0 214 866 (SHARP KABUSHIKI KAISHA) 
'abstract* 

* page 2. linn 26 - pagn 3, Una 15; claim 1; 
flgum 1 * 

IEEE JOURNAL OF QUANTUM ELECTRONICS, 
vol. QE-23. no. 6. June 1987. HsW YORK US 
pages 804 - 814; 

H S00A ET AL: Stability In single longitudinal 
node operation in GelnAsP/InP phase adjusted dfb 
lasers 1 

* the whole document ■ 
ELECTRONICS LETTERS. 

vol. 24. no. 10. 12 May 1988. STEVENAGE. HERTS, 
68 

pages 623 - 624; 

Y UENISHI ET AL: 'Bean converging laser diode by 
taper ridge waveguide 1 

* the whole document * 



Tbc 



report has beca atawa op for i 



1-5 
.7 



CLASSIFICATION OF THE 
APPLICATION (lot- CL5) 



H01S3/085 



1.6.7 



1.8.9 



TECHNICAL FIELDS 
SEARCHED (lot. CXS) 



HOIS 



THE HAGUE 



Mtofa 
24 JUNE 1992 



CLAESSEN L.M. 



CATEGORY OF CITED DOCUMENTS 

X : jirdcalariy whoaal tf toUn alone 
v • -*rrim1»rtv rcimat if cooouoi with i 



T : thoory or pftadale uriorMag thoJowtlOB 
E : earlier potest eoouMBt, but oobUsbei on. or 
Wtor the filing sate 



Y : pertfcolarly roJevaat if 

iocBBMax of too some category 
A : UefaaotofJcaJ oackgTosaa 
O ; nua-wi m oB ittdcearo 
P : latenaeamte eocemeat 



D : tocameol dtoi hi the ippUcattoe 
L : ftoamt cftei for otatr ravens 



rof tb«s 



